z-ﬁt“ 154  JOINT SERVICES ELECTRONIL‘S PROGRIIH(U) OHIII STlITE I.INIV /1
COLUMBUS ELECTROSCIENCE L R G 0 OUIJIMI ET AL.
DEC 85 ESL-710816-19 N.OO!A 78-C-004
UNCLASSIFIED F/G 9/5

Frugd
onc




L A 5 Y Ny
PN
Coledelelel

-ttt
PR

l.o
1.6
=

. o o ©
: ol Nf <
= ==

SR EE

K EFERRIT

2 =l

1.4

MATIONAL RURTAME NF CTANDARNS.1063-A

MICROCOPY RESOLUTION TEST CHART

Iz 0



O e e AR A A a4 e e o 2t ste 20 Ak e e et A R AT e s

v

The Ohio State University

P

- JOINT SERVICES ELECTRONICS PROGRAM DTIC b
< SLECTE o
o) -
© FEB 1 4 1986 I
< a R

| ) D o
Q The Ohio State University . L
< ElectroScience Laboratory -

Department of Electrical Engineering ji“’ -

Columbus, Ohio 43212

Final Report 710816-19
Contract N00014-78-C-N049
December 1985

Department of the Navy

Office of Naval Research

800 Quincy Street

%;: Arlington, Virginfa
C

..........................................
...........................

............................................
.............




NOTICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever, and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.
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4

1y Time Domain Studies and Slope Diffraction Techniques Studiesinitiated on
JSEP have been combined into the creation of OSU's compact reflﬂétor/antenna
range system (developed using other funding). This is the bégi system of its
type currently available but it is expected that’Tﬁddstry using concepts
originated at OSU will soon surpass our current state of the art. These systems
will have a large impact on stealth technology.

-

'>2"4he‘hybrid Studies;focussed attention on the scattering from small inlet

structures. So]utiogé have been developed which far exceed our original

s
expectations. Furiding from other sources has also become available. We can now
treat very larée rectangular or circular inlets using surprisingly simple
solutions. The scattering from cracks using the hybrid approach has also been
analyzed and indeed we have pointed out to several agencies that they may become
dominant scatterers for stealth vehicles. These solutions also should be very

. useful to the researchers involved in the penetration (coupling) problem as

discussed at the recent workshop at the Naval Post Doctoral School.

Ve

T 3)-The Diffraction Studies; have provided a rigorous solution for a wave

propagating along a conducting edge. This has a serious impact in the stealth
technology in that for vehicles shaped to provide a low frontal RCS, these edge
waves become a dominant cqptributor as has been confirmed by experiment. They
represent the missing component in our analysis of the RCS of such vehicles and
we are incorporating their contribution in the appropriate computer codes. All
of the analysis develdbed in our diffraction studies will be incorporated in
such codes. Earlie; versions for reflector antennas, antennas mounted on
atrcraft, etc., have been widely distributed to industry for costs corresponding
to 663% of materials. The requests for these codes continually increase and
they make a remarkable mechanism for transferring the technology to industry.

4)~The }1me Domain or Transient Studies;under JSEP have been used to develop,
among other uses, target identification techniques which have proven to be very
successful. Some of them have been applied (on other programs) to correctly
identify a naval vessel using scattered field data provided by the Navy. Most
of this work has been transferred to other ONR programs during the last year.
The high resolution capabilities of the compact range radar system was also

originated under this JSEP program and we\QQET;fi:;;e scattering centers that

are separated by less than an inch. Using th _System, we have also very
1 T e ie)
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accurately measured the impulse response of a spherically capped cylinder.
This has been compared successfully with the computed impulse response.

Even though the K-pulse has been a subject of interest to us as a
potential electromagnetic tool, it has not been the subject of much attention
until very recently primarily because the study of the above transient
techniques have required most of our attention. Last year as these others were
transferred to other funding sources, this changed and we have successfully
completed the generation of the K-pulse directly in time domain without first
finding the natural resonance. This technique is applicable to the low Q types
of targets. In fact, all of the major tools required for applying the K-pulse
concept to tasks in target identification, antenna development and resonant
cross section control now appear to be in hand. 1In addition to the above
solution for the K-pulse, a pole elimination concept has been used to treat a
circular loop and should be applicable to other resonant scatterers. It is
noted that most of these successes have been achieved in the last year of this
program,

5, The Integral Equation Studiesshave provided a vast simplification of the
analysis of penetrable bodies using two different approaches. One of these
used the Green's function of a)}d%ducting half plane and treats the scattering
of penetrable materials p]acgﬁ on that half-plane.

In the second approach, the physical basis concept (with only three
unknowns) was developéd for certain large penetrable scatterers with a vast
saving of computation time and and an equally vast understanding of the
scattering mechanisms involved.

An integral equation solution has been obtained for conducting polygonal
plates. This solution has been used to generate a computer code for the low
frequency electromagnetic scattering from shapes such as aircraft and missiles.
The results have been successfully compared to experimental data.

6,4 Microstrip antennas have been treated in several work units included in the
Hybrid Studies and the:Integral Equation studies. The case of a microstrip
antenna on a dielectric coated cylinder yielded an exact eigenfunction solution
and an asymptotic solution, A simple approximation for the surface Green's
function has been obtained for a 2-D planar and convexly curved conducting
surface with a thin dielectric coating. This should be very useful in the
study of such microstrip antennas,

~
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DEGREES AWARDED

Over the past 3 years with the support of JSEP 5 students have been
granted M.Sc. degrees in Electrical Engineering and 8 students have been
granted the Ph,D. degree at the Ohio State University. The following
lists tablulates these students and gives the quarter of their
graduation,

Master of Science Degrees

William J. Leeper, Spring 1983

Photios A, Alexandroupoulos, Summer 1983
Sivasankaran Srikanth, Winter 1984
Richard Kautz, Summer 1984

Akio Nagamune, Spring 1985

Ph.D. degree

Jamaledin lzadian, Winter 1983
Mark R. Schrote, Summer 1983
Ted. C. Lee, Winter 1984

Osman M, Buyukdura, Autumn 1984
Bing W. Kwan, Autumn 1984
Robert J. Paknys, Winter 1985
Roberto G. Rojas, Winter 1985
William J. Kent, Spring 1985
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JSEP PAPERS

J.L. Volakis and L. Peters, Jr., "Improved Identification of
Underground Targets Using Video Pulse Radars by Elimination of
Undesired Natural Resonances, IEEE Trans. on Antennas and Prop.,
Vol. AP-31, No. 2, pp. 334-340, March 1983,

E.H. Newman and M.R. Schrote, "On the Current Distribution for Open
Surfaces", IEEE Trans. on Antennas and Prop., Vol, AP-31, No. 3, pp.
515-518, May 1983,

R. Tiberio and R.G. Kouyoumjian, "Calculation of the High Frequency
Diffraction by Two Nearby Edges Illuminated at Grazing Incidence,
IEEE Trans. on Antennas and Prop., Vol. AP-31, No. 4, pp. 590-596,
July 1983,

E.H. Newman, J.H., Richmond and B8.W. Kwan, "Mutual Impedance
Computations Between Microstrip Antennas", IEEE Trans on Microwave
Theory and Techniques, Vol. MTT-31, No. 11, pp. 941-945, November
1983,

P.H. Pathak, "On the Eigenfunction Expansion of Electromagnetic
Dyadic Green's Functions, IEEE Trans. on Antennas and Prop., Vol,
AP-31, No. 6, pp. 837-846, November 1983,

J.S. Izadian, J.S., L. Peters, Jr., J.H. Richmond, “Computation of
Scattering from Penetrable Cylinders with Improved Numerical
Efficiency", IEEE Trans. on Geoscience and Remote Sensing, Vol.
GE-22, No. 1, pp. 52-61, January 1984,

E.H. Newman, P, Alexandropoulos and E.K. Walton, "Polygonal Plate
Modeling of Realistic Structures", IEEE Trans. on Antennas and
Propagation, Vol., AP-32, No. 7, pp. 742-747, July 1984,

D.L. Moffatt, C.Y, Lai and T. Lee, "Time-Domain Electromagnetic
Scattering by Open Ended Circular Waveguide and Related Structure",
Wave Motion 6 (1984) pp. 363-387, North-Holland, October 1984,

E.H. Newman, M.R. Schrote, "An Open Surface Integral Formulation for
Electromagnetic Scattering by Material Plates", IEEE Trans. on
Antennas and Propagation, Vol. AP-32, No. 7, pp. 672-678, July 1984.

E.K. Walton and J.D. Young, "The Ohio State University Compact Radar
Cross-Section Measurement Range", IEEE Trans. on Antennas and
Propagation, Vol, AP-32, No. 11, pp. 1218-1223, November 1984,
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11. R. Tiberio and R.G. Kouyoumjian, "Calculation of the High-Frequency SNINRNEN
Diffraction by Two Nearby Edges Illuminated at Grazing Incidence", aiuj\

[EEE Trans. on Antennas and Propagation, Vol. AP-32, No. 11, pp. :5:;:_
1186-1196, November 1984, RN CRGY
KRN '

12. J.H. Richmond, "Monopole Antenna on Circular Disk", IEEE Trans, on
Antennas and Propagation, Vol. AP-32, No. 12, pp. 1282-1287, el
December 1984. RS

13. D.L. Moffatt and T.C. Lee, "Time-Dependent Radar Target Signature, -
Synthesis and Detection of Electromagnetic Authenticity Features", S
Inverse Methods in Electromagnetic Imaging-Part 1, pp. 441-460, -
D. Reidel Publishing Co., Netherlands, 1985. '

14, E.M. Kennaugh, D.L. Moffatt, "Transient Current Denisty Waveforms on
a Perfectly Conducting Sphere", Inverse Methods in Electromagnetic
Imaging-Part 1, pp. 1-31, D. Reidel Publishing Co., Netherlands,
1985.

15. J.H. Richmond, "Scattering by Thin Dielectric Strips", IEEE Trans.
on Antennas and Propagation, Vol, AP-33, No. 1, pp. 64-68, January
1985.

16. E.H. Newman and J.E. Tehan, "Analysis of a Microstrip Array and Feed
Network", IEEE Trans. on Antennas and Propagation, Vol. AP-33, No.
4, April 1985.

17. J.H. Richmond, "Propagation on a Ported Coaxial Cable Buried in
Flat Earth", IEEE Trans. on Electromagnetic Compatability, Vol.
EMC-27, No. 2, pp. 70-76, May 1985.

18, J.H. Richmond, "Monopole Antenna on Circular Disk Over Flat Earth",
IEEE Trans. on Antennas and Propagation, Vol. AP-33, No. 6, pp.
633-637, June 1985,

19, J.L. Volakis, W.,D, Burnside and L. Peters, Jr., "Electromagnetic
Scattering from Appendages on a Smooth Surface", IEEE Trans. on
Antennas and Propagation, Vol. AP0-33, No. 7, pp. 736-743, July
1985,

20, E.H. Newman, "TM Scattering by a Dielectric Cylinder in the
Presence of a Half-Plane", IEEE Trans. on Antennas and Propagation,
Vol. AP-33, No. 7, pp. 773-782, July, 1985,
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:f. JSEP PAPERS (CONTINUED)

!! 21. R. Tiberio, G. Manara and G. Pelosi, "A Hybrid Technique for o .-

B Analyzing Wire Antennas in the Presence of a Plane Interface”, e
1EEE Trans. on Antennas and Propagation, Vol. AP-33, No. 8, o
pp. 881-885, August 1985,

22, R, Tiberio, G, Pelosi and G. Manara, "A Uniform GTD Formulation for o
od the Diffraction by a Wedge with Impedance Faces", IEEE Trans. on !,zaAﬂ-
: Antennas and Propagation, Vol. AP-33, No. 8, pp. 867-873, August T
1985.
) 23. J.L. Volakis, L. Peters, Jr., "Evaluation of Reflected Fields at R
- Caustic Regions Using a Set of GO Equivalent Line Currents”, IEEE el
Trans. on Antennas and Propagation, Vol. AP-33, No. 8, pp. 860-866, ! ;.;‘

August 1985.

2. N. Wang, "Electromagnetic Scattering from a Dielectric-Coated
Circular Cylinder", IEEE Trans. on Antennas and Propagation, Vol,
I AP-33, No. 9, pp. 960-963, September 1985,
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JSEP PAPERS ACCEPTED FOR PUBLICATION

D.L. Moffatt and C.Y. Lai, "Natural Resonance Estimation", IEEE
Trans. on Instrumentation and Measurements, December 1985.

H.T. Kim, N. Wang and D.L. Moffatt, "K-Pulse and Response Waveforms
for the Circular Wire Loop", IEEE Trans. on Antennas and
Propagation, December 1985.

E.M. Kennaugh, D.L. Moffatt and N. Wang, "The K-Pulse and Response
Waveforms for Non-uniform Transmission Lines", IEEE Trans. on
Antennas and Propagation, January 1986.

R. Paknys and N, Wang, “Creeping Wave Propagation Constants and o ﬂ
Modal Impedance for a Dielectric Coated Cylinder", paper to be
published in IEEE Trans. Antennas and Propagation,

C.W. Chuang, "An Asymptotic Result for the Diffraciton of Plane
Waves Propagating Along a Cylindrically Truncated Flat Surface",
[EEE Trans. on Antennas and Propagation, April 1986.

].'__é
C.W. Chuang, "Surface Wave Diffraction by a Truncated Inhomogeneous T
Dielectric Slab Recessed in a Conducting Surface", IEEE Trans. on Cte ]
Antennas and Propagation, April 1986. -

R.G. Kouyoumjian and P.H. Pathak, "A Uniform GTD Approach to EM e ST
Scattering and Radiation", to appear in Handbook on Acoustic, L
Electromagnetic and Elastic Wave Scattering - Theory and Experiment, S
Vol., I, edited by B.K. Varadan and V.V. Varadan, North Holland.

P.H. Pathak, "Techniques for High Frequency Problems", to appear in
the Antenna Handbook, edited by Y.T. Lo and S.W. Lee, ITT Howard W.
Sams and Co., Inc.

P.H. Pathak, R.G. Rojas, "A Uniform GTD Analysis of EM Diffraction
by an Impedance Discontinuty in a Planar Surface", Journal of A
Wave-Material Interaction, expected to appear in January 1986. RO

L. Peters, Jr., and J.D. Young, "Applications of Subsurface .
Transient Radar", Chapter 10, Time Domain Measurements in 2 'fj*}i
Electromagnetics, Van Nostrand Reinhold, N.Y., N.V. R

C.W. Chuang, "An Asymptotic Solution for Currents in the Penumbra
Region with Discontinuity in Curvature", submitted to IEEE Trans. on
Antennas and Propagation.

S. Srikanth, P.H. Pathak, and C.W. Chuang, "Hybrid UTD-MM Analysis
of the Scattering by a Perfectly Conducting Semi-Circular Cylinder",
submitted to IEEE Trans. on Antennas and Propagation,




JSEP PAPERS SUBMITTED FOR PUBLICATION

F. Fok and J. Young, “Space Frequency Sampling Criteria for
Electromagnetic Scattering of A Finite Object", submitted to IEEE
Trans. on Antennas and Propagation.

E.H. Newman, TM and TE Scattering by a Dielectric/Ferrite Cylinder
in the Presence of a Half-Plane", submitted to IEEE Trans. on
Antennas and Propagation.

R.G. Kouyoumjian and 0.M. Buyukdura, "Diffraction by a Discontinuity
in Surface Curvature", submitted to IEEE Transactions on Antennas
and Propagation.

L. Ersoy and P.H, Pathak, “Radiation by Sources on an Impedance
Surface Patch Which Partly Covers a Perfectly-Conducting Convex
Cylinder", submitted to the IEEE Trans. on Antennas and Propagation.

P.H, Pathak and R.G. Rojas, "A Uniform GTD Analysis of the EM
Diffraction by a Thin Dielectric/Ferrite Half Plane - 2-D Case",
submitted to IEEE Trans. on Antennas and Propagation.




JSEP PAPERS IN PREPARATION JtON

- 1, 0.M, Buyukdura, S. Goad, and R.G. Kouyoumjian, "A New Dyadic Green's
ii Function for a Perfectly-Conducting Wedge".

2. 0.M. Buyukdura and R.G. Kouyoumjian, "The Radiation from Scatterers
at the Edge of a Wedge“.

3. 0.M. Buyukdura and R.G. Kouyoumjian, “An Improved UTD Solution for
Wedge Diffraction".

s 4, R. Paknys and N. Wang, "High Frequency Surface Field by a Magnetic
- Line Source on an Impedance Cylinder-Uniform Solution",

5. R.G. Rojas and P.H. Pathak, "A Uniform GTD Analysis of the EM
Diffraction by a Thin Dielectric/Ferrite Half Plane - 3-D Case".

6. B.W. Kwan, E.H. Newman and R.G. Kouyoumjian, "Eigenfunction Solution
for Mutual Coupling Between Microstrip Antennas on a Coated
Dielectric Cylinder".

7. B.W. Kwan, R.G. Kouyoumjian and E.H. Newman, “Asymptotic Solution
for Mutual Coupling Between Strips on a Dielectric Coated Cylinder". A

8. J.H. Richmond, "The Variational Property of the Moment Method".

9. R.A. Hill, J.H. Richmond and L. Peters, Jr., "Surface Waves on a
Planar Ferrite Slab".

10. C.W. Chuang, P.H. Pathak, and C.C. Huang, "Ray Analysis of
Reflection from Open-end Circular and Rectangular Waveguides".
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JSEP DISSERTATIONS AND THESIS

Jamaledin Izadian, "Two Dimensional EM-Scattering by Buried
Penetrable Non-Circular Cylinders Using the Method of Moments", The
Ohio State University, Columbus, Ohio Winter 1983.

William J. Leeper, “ldentification of Scattering Mechanisms from
Measured Impulse Response Signatures of Several Conducting Bodies”,
M.Sc. Thesis, The Ohio State University, Columbus, Ohio, Spring
1983.

P.A. Alexandroupoulos, "Electromagnetic Modeling of Arbitrary
Surfaces by Polygonal Platers and or Wires", M.Sc. Thesis, The
Ohio State University, Columbus, Ohio Summer 1983,

Mark R. Schrote, "An Open Surface Integral Formulation for
Electromagnetic Scattering by a Material Plate", The Ohio State
University, Columbus, Ohio, Summer 1983,

T. C. Lee "Approximate Methods for Obtaining the Complex Natural
Electromagnetic Oscillations of an Object, Ph,D. Dissertation, The
Ohio State University, Columbus, Ohio, Winter 1984,

S. Srikanth, "Hybrid UTD-MM Analysis of the Scattering by a
Perfectly Conducting Semi-Circular Cylinder", M.Sc. Thesis, The
Ohio State University, Columbus, Ohio, Winter 1984,

R. Kautz, "EM Scattering b¥ Slits and Grooves in Thick Perfectly-
Conducting Planar Surfaces", M.Sc. Thesis, The Ohio State
University, Columbus, Ohio, Summer 1984.

0.M. Buyukdura, “Radiation from Sources and Scatterers Near the
Edge of a Perfectly Conducting Wedge", Ph.D. Dissertation, The Ohio
State University, Columbus, Ohio, Fall 1984,

B.W. Kwan, “"Mutual Coupling Analysis for Conformal Microstrip
Antennas", Ph.D, Dissertation, The Ohio State University, Columbus,
Ohio, Fall 1984.

Robert Paknys, "High Frequency Surface Fields Excited by a Line
Source on A Dielectric Coated Cylinder", Ph.D. Dissertation, The
Ohio State University, Columbus, Ohio, Winter 1985,

R.G. Rojas, "A Uniform GTD Analysis of the EM Diffraction by a Thin
Dielectric/Ferrite Half-plane and Related Configurations®, Ph,D.
Digsertation, The Ohio State University, Columbus, Ohio, Winter
1985.

11

v
v

- R
T AR PRI
N O e
R et s
. S e
A s
et At
e A )
LI L ." .

A

.

oy ",
.

Y
A

e, ’
R (7
ey e

v v




Py
LR

JSEP DISSERTATIONS AND THESIS (CONTINUED) R

12. A. Nagamune, "An Efficient Approach for Calculating the focal T
Region Fields of Parabolic Reflectors Illuminated by an .
Electromagnetic Plane Wave", M.Sc. Thesis, The Ohio State IR
University, Columbus, Ohio, Spring 1985. W ehed

13, W.J. Kent, "Plane Wave Scattering by Thin Linear Dielectric-Coated ™ L
Wires and Dielectric Strips: A Moment Method Approach with -
Physical Basis Functions", Ph,D, Dissertation, Ohio State
University, Columbus, Ohio, Spring 1985,
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